We report the results of a randomized evaluation of three programs designed to improve the home learning environment among rural households in India. Households were assigned into one of four groups that received either: (1) adult literacy classes for mothers, (2) training for mothers on how to enhance their children's learning at home, (3) a combination of the first two interventions, or (4) nothing, which serves as the control group. We find that mothers in the first three groups perform 0.11, 0.06, and 0.15 standard deviations better (respectively) on a combined language and math test when compared to the control group. We find that the three programs had statistically significant effects of 0.04, 0.05, and 0.07 standard deviations on children's math scores (respectively), but only the combined intervention had significant effects on language scores. We also find that the interventions increased women's empowerment, mother participation in child learning, and the presence of education assets in the home.
Introduction
Improving the quality of primary education in the developing world remains a crucial issue for researchers and policymakers alike. While developing countries have made significant gains towards universal enrollment, with a net enrollment rate of 90% in low and middle income countries in 2011 (World Bank, 2013) , learning has not matched this progress. For example, a 2012 survey in India found that 96% of rural primary school-aged children were enrolled, but only 38% could read a simple story (ASER Centre, 2013) . Low quality education is often considered the result of a low quality education system, characterized by poor school infrastructure, limited materials, inappropriate pedagogy, and low-quality teachers.
However, low learning levels can also be attributed to the home environment: in low-income households parents spend less time on educational activities with their children, are less productive with the time they spend, have lower expectations, and allocate fewer resources to education. All of these factors are believed to be directly related to the low education levels of parents. While the correlations between parents' education levels, the home environment, and ultimately child outcomes are strong, endogeneity makes it difficult for researchers to establish causal links. [Thomas et al., 1996] . However, for policymakers who face a generation of parents with already low levels of education, perhaps the more important question is: if the household environment is indeed an important factor in the child's education, can policies targeted toward parents help promote a better home learning environment?
With the aim of influencing the home environment, some policymakers have proposed launching adult education campaigns, and this movement has been gaining momentum. In India, the National Literacy Mission was launched in 1988 "to impart functional literacy to non-literates in the age group of 15-35 years in a time-bound manner" (Government of India, 2009) . In 2009, the Prime Minister of India launched Saakshar Bharat, the revised version of the National Literacy Mission, aiming to achieve an "80 percent literacy rate and reduc[e] the gender gap in literacy to 10 percent" by 2012 (UNESCO, 2012) . Many other countries and donors are investing in such programs, in part because they could promote children's schooling (DFID, 2008) . Unfortunately, the evidence of the effectiveness of such programs on child learning is sparse, especially in contexts where parents have little-to-no formal education.
This study is designed to evaluate whether child learning can be improved through interventions focused on improving the human capital of the mother herself, and/or by interventions that work with the mother but are focused on enhancing at-home learning for the child. We present the results of a randomized evaluation of three interventions in rural India designed by Pratham, an education NGO in India 1 , to improve child learning through increased mother literacy and direct encouragement of learning at home. We test for these effects by randomly assigning villages to one of four groups. In the first group, mothers in the village are offered the mother literacy (ML) intervention: daily literacy and math classes. In the second, mothers are given the Child Home Activities and Materials Packet (CHAMP) intervention: materials, activities, and training each week to promote enhanced involvement in their children's education at home. In the third, mothers are offered both the literacy and enhanced home-learning interventions (ML-CHAMP). The fourth group serves as a control with no intervention. The evaluation was carried out in 480 villages in the states of Bihar and Rajasthan. In each state, 240 villages were randomly assigned in equal proportions to the four groups.
We find significant positive impacts of the programs on both mother and child outcomes. For mothers, the ML program increased learning outcomes by 0.11 standard deviations, CHAMP increased test scores by 0.06 standard deviations, and ML-CHAMP increased test scores by 0.15 standard deviations. We also find significant impacts of each of the 3 programs an aggregate measure of women's empowerment outcomes. Turning to the results for children, we find that the ML, CHAMP, and ML-CHAMP increased child math scores by 0.04, 0.05, and 0.07 standard deviations, respectively. The only significant impacts on language scores were in the combined interventions. We find little evidence that the programs affected formal schooling behavior, but each of the 3 interventions affected the mother's self-reported participation in child learning and educational assets in the home. The evidence is therefore consistent with the interventions improv-ing child learning by changing the home environment, particularly through increased productivity of the time children spend studying. However, in the cases of ML and ML-CHAMP we cannot rule out that the interventions affected children directly through child attendance in the classes.
This study makes two main contributions to the literature. First, by evaluating interventions targeted at parents, our study adds to the literature that asks whether the skills believed to help parents influence their child's learning can be acquired as an adult. Such programs fall into three categories: (1) adult literacy programs, (2) child-participation programs, and (3) "family literacy" programs which typically bundle the first two, along with other components such as job training, remedial education for children, etc, in different combinations. Also, these programs are implemented in different contexts: some in higher-income countries, where parents have had some personal experience with a formal education system and varying levels of literacy, and developing countries where there is much less exposure, and literacy levels are far lower. We focus our literature review on research in developing countries, as parents in poor countries are much less likely to have a substantial experience with formal education and therefore are likely to respond differently to these programs. However, we do highlight particularly relevant studies from higher-income countries.
Several evaluations attempt to establish the impact of developing-country adult literacy programs on adults and children, although much of the research suffers from methodological limitations. Some studies find significant impacts of adult literacy programs on adult learning using ex-post comparison with non-participants (Carron, 1990; Ortega and Rodriguez, 2008) . Aker et al. (2011) conduct a randomized evaluation of a program that provided cell phones to participants in existing adult education classes in Niger and find significant impacts of the cell phone program on math and literacy scores. However, there is no evaluation of the adult literacy program, per se. Research on the effects of adult literacy programs on children's outcomes is sparse, and these studies also rely on retrospective selection of a comparison group (Aoki, 2005; Abadzi, 2003) . 2 There are few existing studies evaluating developing-country participation programs that en-2 Although there are numerous evaluations of adult literacy programs in the U.S., much of the research also suffers from methodological limitations (Beder, 1999) . courage parents to be more involved in their children's schooling. Bekman (1998) evaluates a Turkish program that trained mothers to help educate their children at home. Using a matching procedure to construct a comparison group, the study finds large effects of the program on child learning. In the developed country context, a randomized evaluation of a program in France to enhance parental involvement in the education of their adolescent children found significant positive effects on parental and student participation, student attitudes, and students' grades in school (Avvisati et al., 2011) .
In the family literacy movement, we only know of one randomized evaluation, which is in the developed-country context.: St. Pierre et al. (1993) evaluate the National Even Start Program in the U.S. They find no statistically significant effects on child learning, performance, or parental help with studies. However, sample size was small and takeup was low.
Our study adds to the prior literature by providing the first randomized evaluation (of which we are aware) of 1) an adult literacy program, 2) a participation program, and 3) a combined "family literacy" program, in a developing country. We also examine impacts on both adult and child outcomes, a feature that is relatively rare in prior literature. Second, our study adds to the broader literature exploring the relationship between parental education and child outcomes. A number of studies provide causal evidence on this relationship (e.g., Rosenzweig and Wolpin, 1994; Oreopoulos et al., 2006) , although rigorous evidence on the mechanisms through which this occurs is more scarce. Several studies suggest that the home learning environment is indeed a key factor in this relationship. Using data from Pakistan, Andrabi et al. (2009)instrument for mother's schooling with the availability of girls' schools in the mother's birth village and find that children study more hours at home and perform better if their mother had some education. 3 Using data from the Green revolution, where women's schooling did not enhance their opportunities outside the household, Behrman et al. (1999) rule out that bargaining power and matching of parental preferences cause the relationship between women's schooling and children's learning outcomes, suggesting that it is productivity-women's ability to teach their children-that is causing it.
Our study, by creating exogenous changes to the home environment, provides further evidence of the channels through which learning is affected at home. As with some of the prior literature, our analysis relies on intermediate outcomes that are not themselves exogenously influenced. We determine which channels are most plausible in our context by examining which intermediate outcomes were influenced by the programs. Further, we cannot rule out the possibility that children benefited directly from mother literacy intervention by accompanying their mothers during class time.
Our paper is structured as follows. Section 2 discusses the programs and context. Section 3 outlines a conceptual framework for the effects of the programs on child learning. 4 covers the study design, data collected and analysis. Section 5 describes the results for mothers and 6, the results for children. We conclude in Section 7.
Program Description
The interventions were conducted in two blocks (district subdivisions) of the Purnia district in Bihar and two blocks of the Ajmer district in Rajasthan. Bihar and Rajasthan were selected by Pratham based on the low literacy levels of the two states. According to the latest census, these states have the lowest female literacy rates in India at roughly 53% each (Census of India, 2011).
The intervention districts within each state were selected because of existing Pratham programs and infrastructure in those areas. Within the intervention districts, the blocks were selected because they did not have any pre-existing Pratham programs.
Children's education outcomes are similar between the two states. For example, 48% of rural children in grades 3 to 5 can read at a grade 1 level in both states, just below the national average of 54% (ASER Centre, 2013) . On the other hand, Bihar is a much poorer state. Bihar has the lowest GDP per capita of any state in the country, and while Rajasthan is below the national average, its per capita GDP is double that of Bihar (Central Statistics Office, 2013) . Similarly, in Rajasthan 67% of households have electricity, about the national average, while Bihar ranks last among Indian states, with only 16% of households having electricity (Census of India, 2011).
Households in our sample broadly follow these patterns. Appendix Table 1 displays the differences in baseline demographic variables between the two states. Households in the Rajasthan sample have more assets and are more likely to be electrified, but child learning levels are only slightly higher than households in the Bihar sample. Women in the Rajasthan sample spend more time working (46 hours per week compared to 26), while women in the Bihar sample spend more time per week reading to their children or helping with homework (2.4 hours per week compared with 1.4). The average education level for a woman in our sample is under 1 year for Rajasthan and Bihar, and both have similar scores on our baseline test, with Rajasthan mothers scoring slightly higher in math.
Running the interventions in multiple sates in different areas of the country aids external validity of the evaluation. Although the interventions were identical in both states, they were implemented by different local teams and supervised by separate state-level Pratham leadership. And while learning levels in both states were similar, the differences in wealth and preexisting activities of the mothers presented distinct implementation challenges in each area. 4 In each state, 240 hamlets were selected for the randomization. Hamlets were selected based on a target number of households (the approximate size that could support one mother literacy class) and geographic distance from other target locations to limit spillovers. In Rajasthan, where villages are typically far apart, one appropriately-sized hamlet per village was selected, and the randomization was effectively conducted at the village level. In Bihar, where hamlets may be close to one another (whether in the same village or in different villages), hamlets of the target size were included if they were sufficiently far from other included hamlets. 5 For ease of exposition, we refer to the randomization unit as a "village" throughout.
In each state, 60 villages were randomly assigned to each of the four treatment groups. In Appendix B we explore heterogeneity in the program effects on mother and child learning by state. 5 Appendix A details the location selection procedure within the study blocks. domization was stratified geographically to allow Pratham to organize its monitoring structure based on a known number of program villages in each area. The 240 villages in each state were first divided into geographically proximate groups of 20 villages. These groups of villages were further divided into 2 "phases". These phases determined the order of the rollout of the programs.
The Pratham team rolled out the interventions in Phase 1 villages and began in Phase 2 villages approximately 3 weeks later. The randomization was stratified by the resulting 24 groups of 10 villages in each state, subject to integer constraints.
Three interventions were designed and implemented by Pratham in each location. Each was implemented for approximately one year. Recruitment of mothers for each program was targeted towards a set of women in each village with children aged 5 to 8. These mothers were targeted in order to maximize precision of estimated effects on children just beginning formal education.
It was hypothesized that the programs would have the greatest effects on children that were just beginning to develop the most basic reading and math skills. Within each village in the sample, a census was conducted to determine a list of target mothers. Twenty-two mothers of children aged 5 to 8 years old were randomly selected to be targeted. If there were fewer than 22 such mothers in the village, all mothers were targeted.
The Mother Literacy (ML) intervention consisted of daily literacy classes held in the villages.
In each location, a volunteer was recruited from the community to teach classes for two hours per day at the time and place that was most convenient to interested women. Volunteers utilized a version of Pratham's Read India methodology. This approach, shown effective in teaching children to read Banerjee et al. [2010] , was modified to suit the interests of adults. While ML classes were open to any who wished to attend, volunteers were given a list of target mothers to recruit into the classes.
The Child and Mother Activities Packet (CHAMP) intervention was designed to engage the mothers at home with their children's learning. Once per week, a Pratham staff member visited each target mother and gave her a worksheet to help her child complete. Mothers were also given instruction on how to review her child's school notebooks, discuss child learning with her child's school teacher, and encourage the child to do schoolwork at home.
The combined intervention (ML-CHAMP) included both the ML and CHAMP interventions.
The combined intervention was not integrated-both interventions were simply conducted in the same villages with the same target group of mothers.
Conceptual Framework

In theory, the amount children learn at home is a function of the time they spend on educational activities and the productivity of that time spent. The factors that contribute to both time and productivity are quite similar: child preferences, the educational inputs or assets available, time parents spend monitoring educational activities and/or directly instructing, and the productivity of the time parents spend. In other words, children will likely spend more time learning and be more productive learners when their parents dedicate resources and (productive) time to their education.
The amount of resources and time that parents spend on child learning, and the productivity of those inputs, can in turn be influenced by a number of factors. We identify three key factors relevant to our context. First, parents' expectations and aspirations can directly influence child motivation, parents' own time allocation, and the amount of resources they dedicate to educational assets in the home. Second, if mothers have a relative preference for educational outcomes, their own empowerment may serve as a key intermediate step in procuring educational assets, or allocating their time accordingly. Third, parents' own human capital and experience with the process of learning influence the productivity of the time and inputs they provide. This last set of factors may also influence their preferences, as well as relative empowerment.
Theory of Change
One driving assumption behind ML and CHAMP is that mothers have a preference to help their children learn, but lack the skills and/or experience to do so, and therefore do not dedicate as much (productive) time or resources. By design, ML was intended to directly influence the human capital of mothers. Classes focused on basic literacy and numeracy skills. Through an increase in these skills, the productivity of time and inputs that mothers provide to their children will increase.
CHAMP was intended to increase mothers' experience with the process of learning, time spent, and assets available in the home, but not human capital nor preferences directly. Parents were given materials and guidance on how to interact with their kids at home to foster child learning.
Again, this increase in experience is intended to increase the inputs and productivity of inputs that mothers provide.
However, these interventions could influence the other factors as well. ML classes teach mothers how to read, write and do simple arithmetic, influencing their human capital, but these classes also give mothers experience in the process of learning as adults. While different from child learning (e.g. it doesn't involve the formal education system), mothers may still be able to translate their own experience of learning into an understanding of how children learn. By providing confidence and skills to make decisions within the household, or by creating or strengthening social networks through class attendance, ML could promote a sense of empowerment. Finally, if children attend the ML classes (along with, or in place of mothers), it could influence children's own motivation, the time they spend on educational activities, and the productivity of that time.
CHAMP interactions teach mothers the process of how children learn, endowing them with experience. While not directly giving instruction on how to read, write or do math, the interaction-both with Pratham staff and/or with their own children-may result in mothers learning, improving their human capital directly. As with ML, CHAMP classes could give mothers the confidence and skills to make household decisions related to education. Finally, CHAMP could affect child learning directly: if children are present when material and activities are being demonstrated, this could impact their productivity, time and preferences, independent from interacting with their mother.
Data collection
Baseline data was collected from selected households at the onset of the interventions, and endline data was collected after approximately one year. Data collection consisted of standardized tests and household surveys.
The standardized tests, designed to evaluate a basic set of Hindi and math skills, were developed by the ASER Centre, Pratham's research arm and were an expanded version of the ASER Centre's standard assessment tool used each year in their Annual Status of Education Report. 6 At the baseline, the tests were administered to all eligible mothers, target children, other children in the household in grades 1 to 4, and children aged 4 and below who were going to be enrolled in school in the next year. The endline testing included all mothers and children tested at baseline, in addition to the remaining children who were aged 3 or 4 at the baseline. These tests were scored on a 20-point scale for children in both the baseline and endline, a 24-point scale for mothers at baseline, and a 28-point scale for mothers at endline. The mother test was the same as the child test, but included several additional questions that related to the material taught in the mother literacy classes. Minor additions and deletions were made in the testing instruments between baseline and endline. For the purposes of the analysis, test scores were normalized based on the control group means and standard deviations in each round of testing, separately for mothers and children.
In addition to the primary standardized testing instruments, at the baseline other household members were given very short tests designed to quickly assess whether they could read simple sentences and do basic subtraction.
The household surveys were administered to eligible mothers. The baseline contained modules on basic household demographics, asset ownership, schooling status of children in the household, mother perceptions of education, and mother's time use. In addition, questions were asked about the time use of the child aged 5-8 in the household (in the cases where there was more than one such child, one was randomly selected). The endline survey repeated the measures of the baseline survey, with the exception of demographics, and included additional questions on empowerment. Table 1 contains descriptive statistics from the baseline tests and surveys and compares the means of the variables between each treatment group and the control group. Out of 60 comparisons performed, 6 are significant at the 10% level, and 3 are significant at the 5% level. No variable is jointly significantly different at the 10% level between the 3 treatment groups and the control group (not shown). On the whole, this suggests that the randomization was successful in creating comparable groups.
Appendix Table 2 details weighting procedure and the weighted test scores for each question on the test. The average baseline mother scores on the test were 3.0/10 for reading and 3.1/14 for math. Mothers scored the highest on the most basic competencies on the test, such as picture recognition, letter recognition, writing one's own name, and number recognition. Child scores averaged 2.9/10 in reading, and 2.9/10 in math. As with mothers, children scored the highest on the most basic competencies.
Out of 8857 mothers tested at baseline, 8552 (97%) were re-tested for the endline. Child tests are available for 14,575 out of 15,502 (94%) of children tested at the baseline.
Results -Mothers
Estimating Equation
Throughout the analysis we utilize the following estimating equation:
In this equation, Y ihv is the outcome for individual i, in household h, in village v. ML, CHAMP, and MLCHAMP are dummies indicating the treatment status of the village. Y 01 is the baseline value of the outcome of interest (when measured). G is a dummy for stratum, as described in Section 2 above. ε iv is the individual error term, clustered by village, the level of randomization.
Program Takeup
Takeup of the mother literacy classes is analyzed in Table 2 . Compared with the control group, approximately 32% more mothers in the ML treatment and 37% in the ML-CHAMP treatment reported ever having attended the classes. 7 Children attended the classes as well. Children were 21% more likely to ever attend in the ML treatment, and 27% more likely to ever attend in the ML-CHAMP treatment, compared with the control group.
We assume 100% takeup of the CHAMP activities. This was a door-to-door intervention where
Pratham staff visited each mother in her household.
Test Scores
Turning to the results on mother learning, Table 3 To account for spillovers within households, "takeup" is defined as either the mother or the child attending a class at least once. Using this method, the effect of takeup is 0.33 standard deviations overall. 8 7 It is important to note that 7 percent of mothers in the control group attended classes. This is due to a government program "Saakshar Bharat" that was conducted in the spring of 2012 in Bihar. Research staff monitored this program carefully. Where they were set up, classes were held for approximately one week, and were not differentially held in treatment or control villages.
8 Note that the exclusion restriction in the IV estimation assumes that the mother literacy classes influenced learning only through attendance in the classes. This assumption would be violated, if, for example, mother learning was influenced by the attendance of other members in the community.
The CHAMP program improved mother test scores as well. Test scores improved by 0.04 standard deviations in Hindi, 0.07 standard deviations in math, and 0.06 standard deviations overall.
The effect of the combined intervention on total test scores was 0.15 standard deviations. While this is slightly lower than the sum of the effects of the ML and CHAMP interventions, we cannot reject that the ML-CHAMP effect equals the sum of the effects of the two individual interventions (p-value = 0.338).
Appendix Tables 3 and 4 display the treatment effects on each question of the test for language and math, respectively. For comparability across questions, the maximum score for each question is re-scaled to 1. On the language portion of the test, ML and ML-CHAMP interventions had the largest effects on more basic skills such as reading letters, reading simple words, and writing the mother's name. For example, mothers in the ML group were 3.5 percentage points more likely to be able to read letters, while mothers in the ML-CHAMP group were 4.7 percentage points more likely to read letters, compared with the endline control group mean of 17.3%. The point estimates for CHAMP, on the other hand, were modest and positive (about 0.5 to 1.5 percentage points) on most questions, although most of the estimated effects are not statistically significant.
On the math portion of the test, all three interventions had the strongest effects on the number recognition questions, the most basic skills tested. For example, the mothers' ability to identify digits 1-9 was 7, 3 and 11 percentage points higher in ML, CHAMP, and ML-CHAMP, respectively, compared to the control group mean of 47%. Interestingly, all three interventions also had statistically significant effects on the mother's ability to complete the division word problem in addition to the more basic math skills. This suggests that either classes attracted some relatively more numerate mothers, or that the programs were particularly effective in "mental math" (i.e. solving word problems) in addition to the more basic skills.
Intermediate Outcomes
The programs could have affected mother learning through a variety of channels. In addition to the more direct effects that mother literacy and child participation could have had on mother learning, there are a number of indirect channels. Section 6 analyzes changes in the home environment, including education assets at home and mothers' involvement in child learning. We find that the programs did increase both assets and mothers' involvement in child learning, both of which could have had feedbacks to mother learning.
We also find evidence that the programs induced others in the households to help the mothers learn. Table 4 analyzes whether the mother reported learning various skills from family members.
We find that significantly more mothers in the ML and ML-CHAMP treatments reported learning any of the skills from family members, from 21% in the control group to 26% in ML and ML-CHAMP. For the CHAMP interventions, we find smaller coefficients, and the coefficients are significant only for learning about counting and counting change.
Empowerment and Time Use
This subsection examines the effects of the programs on women's empowerment and time use.
These indicators are both potential channels through which the program could have affected mother and child learning, as well as important outcomes in and of themselves.
We first turn to the effects of the programs on women's empowerment. We include 19 variables from the survey instrument reflecting a number of underlying aspects of empowerment. First, we include a set of variables reflecting the mother's ability to make decisions and carry out tasks on her own. Second, we include a set of variables indicating whether the mother is involved in certain household decisions. Third, we include a set of variables reflecting beliefs about own and daughters' education. Finally, we include a measure of happiness.
Using these variables, we construct an index of empowerment using the methodology pioneered by Kling et al (2007) . Each variable is normalized by subtracting the control group mean and dividing the result by the control group standard deviations. The resulting normalized variables are then averaged to create the index. We construct separate indices for both the baseline and endline. The baseline index contains fewer elements than the endline index, as additional empowerment questions were added to the endline questionnaire. Table 5 presents the program effects on the index and its components. Using our index, we find positive and statistically significant impacts of each of the three treatments on empowerment.
The estimated effects of the ML and CHAMP programs were both 0.04 standard deviations, both significant at the 5% level. Turning to the components of the index, both the ML and CHAMP interventions had significant impacts on whether the mother counts change, beliefs about adult daughter's choices, and beliefs that the mother should be responsible for her children's education.
The ML intervention also had impacts on several variables more directly related to mother literacy and math (the mother signing her name, considering herself literate, the value of goods she could buy), and beliefs about a wife's level of education relative to her husband. The CHAMP intervention had a significant impact on leaving the village without adult accompaniment and a small negative impact on self-help group membership.
We next turn to the effects of the programs on women's time use. Andrabi et al. (2012) find that women with more education spend more time with their children. In Table 6 , we examine whether the ML, CHAMP and combined programs affect mother time use in this manner. Across all measures, we see little evidence that the programs impacted time use. The combined interventions increased weekly hours spent on paid work by 1 hour per week (significant at the 10% level), and livestock work by 0.5 hours per week (significant at the 5% level). While it is plausible that the programs increased labor supply either through productivity or through empowerment, more work is needed to explore the mechanisms through which the programs can have these effects.
6 Results -Children 6.1 Test Scores The last column of Table 7 follows the mother test score results in Table 3 by presenting instrumental variables estimates of the effect of a mother or child attending the ML classes on child learning. The IV estimate of the effect of attendance is 0.11 standard deviations for math and is significant at the 5% level. Because the reduced-form estimates are not significant for literacy or cumulative test scores, it is not surprising that the IV estimates are not significant at conventional levels.
Appendix Tables 5 and 6 disaggregate the test score effects by individual question. As with the mother results, we re-scale the questions so that the maximum possible score for each is 1.
The results for language are displayed in Appendix Table 5 . The ML intervention did not have a statistically significant impact on any competency, and the estimated magnitudes are very small and inconsistently signed. For the CHAMP intervention, the magnitudes of the coefficients on each question is positive, but none reaches statistical significance. The ML-CHAMP intervention had positive and statistically significant impacts on the child's ability to read letters, matra (more complex) words, and paragraphs.
Appendix Table 6 displays question-wise results for math. Across all three interventions, the largest effects are concentrated in the more basic number recognition questions. For example, child scores were 2.3, 4.0 and 3.9 percentage points higher on the question that asked the child to identify the digits 1 to 9, compared with the endline control group mean of 56.0 percent.
Intermediate Outcomes
This section analyzes impacts of the treatment groups on intermediate outcomes. We start by discussing outcomes that relate to learning outside of the home. Table 8 presents the impacts of the programs on school participation. We find no evidence that the individual programs affected cur-rent enrollment, regular attendance or recent absences. We do find that the ML program resulted in a small decrease in parents reporting that their children would be enrolled in the coming school year. However, the magnitude is almost identical to the positive (but statistically insignificant) estimated impact on current enrollment, suggesting that the ML program may have resulted in children enrolling at earlier ages. We also find a small positive impact on school attendance of the combined program. Finally, we find a statistically significant increase in monthly tuition expenditures for the ML group, but the effects are smaller and statistically insignificant in the ML and ML-CHAMP groups. On balance, this table shows limited, if any, impacts of the interventions on schooling outcomes.
We next turn to a set of indicators of the mother's participation in the child's schooling. We include 9 measures of mother involvement, including indicators of school visits, helping with homework, and talking to the child and others about the child's studies. We construct an index of mother involvement using the 9 measures, following the procedure outlined above. These survey questions were asked about the selected child, and hence the sample size is equal to the sample of mothers. Table 9 presents the results on mother involvement. We find positive and statistically significant impacts of all three programs on the index of indicators. The magnitudes are approximately 0.04 for ML, 0.07 for CHAMP and 0.05 for ML-CHAMP. While both ML and CHAMP had statistically significant impacts on the mother looking at the child's notebook, talking to the child about studies and talking to others about the child's studies, CHAMP had impacts on the mother knowing whether the child received homework and on helping her child with homework.
We next examine impacts on child time use. Table 10 presents the estimated impacts of the program on the child's weekly time use. Overall, there were very few impacts. The combined ML-CHAMP intervention increased time spent on homework by 0.3 hours per week, statistically significant at the 5% level. While the effects of the individual interventions fail to reach statistical significance at the 5% level, the magnitude of the CHAMP effect is 0.2 hours per week, significant at the 10% level, suggesting that the ML-CHAMP effect could be driven primarily by CHAMP.
The ML and ML-CHAMP interventions also have significant impacts on time spent in household business, mirroring the results for mothers. As with mother time use results, more work is needed to understand the impacts of the programs on work behavior. Table 11 presents the treatment effects on the presence of education assets in the home. For the ML intervention, the only statistically significant effect is on the presence of schoolbooks, with an estimated magnitude of 0.018. The CHAMP intervention, on the other hand, had a statistically significant effect on the presence of pencils, school books, other books, and newspapers/magazines.
The combined intervention increased the presence of school books, other books, and slates. (Note that pencils are present in 95% of comparison group households, so minimal of movement on this indicator is unsurprising.)
Finally, in Table 12 we turn to a set of indicators that reflect mother aspirations for their children and perceptions of child reading ability. We do not find statistically significant impacts of any of the interventions on the highest grade that the mother aspires her child to pass. We do find that the CHAMP and combined interventions increased mother perceptions of her child's reading and math ability. When compared to the child's actual ability, however, the CHAMP and combined programs caused mothers to be overly optimistic: the absolute difference between the mother's perception and measured child ability increased for the CHAMP and combined interventions.
Conclusion
Adult literacy and participation programs are increasing in popularity, frequency, funding and influence-particularly in developing countries. Proponents and policymakers draw an explicit link between the education of parents and child welfare outcomes when advocating for such programs.
The underpinning theory starts with the observation that parent levels of education are strongly correlated with child outcomes, and draws on further evidence that the relationship is causal (rather than due to other factors such as inherent ability, or cultural preferences, which could lead to both outcomes independently). Educating parents in adulthood, the theory goes, will shift preferences toward demanding more quantity of education and of higher quality, household resources toward more educational assets at home, time allocation toward more time educating their children at home, and increased productivity of that time. However, there is very little rigorous evidence on whether these programs are actually effective in the developing country context. We show that an adult literacy and a participation program targeting mothers in rural India were effective at "educating parents"-improving mothers' basic literacy and numeracy skills. These programs also had an impact on measures of women's empowerment, educational assets in the home, and the participation of mothers in child learning. Lastly, they improved learning levels of younger school-aged children. Literacy classes were more effective at educating the mothers than the participation program, while the participation program was most effective at improving child learning outcomes. The results on learning (for mothers and children) were highest when the two interventions were combined, suggesting that the two interventions are at least additive, and not substitutes.
We find that the programs influenced a number of intermediate outcomes that could in turn have affected child learning. However, we cannot isolate the most important of these factors in the effectiveness of the programs. Understanding the importance of the each mechanism is a key area for future research. Nonetheless, our evaluation shows that literacy and participation programs can impact both mother and child learning. This is encouraging evidence for policymakers looking to improve adult and child learning, as well as the education environment in the home. Column 8 displays the impact of assignment to the mother literacy treatment group on literacy class attendance by mother or child. Column 9 displays the impact of litteracy class attendance on the dependent variables, using assignment to the ML treatment group as an instrument for attendance. Standard errors are clustered at the village level.
* denotes significance at 0.10; ** at 0.05; *** at 0.01 OLS: Impact of treatment in endline Columns 3, 4 and 5 display estimated coefficients of a regression of the outcome in each row on treatment group dummies, controlling for stratification unit dummies and baseline values (where available). The "empowerment index" is an average of z-scores of the other variables in the table, using the control group means and standard deviations. The baseline empowerment index only includes indicators for which data were collected. Standard errors are clustered at the village level. * denotes significance at 0.10; ** at 0.05; *** at 0.01 OLS: Impact of treatment in endline Columns 3, 4 and 5 display estimated coefficients of a regression of the outcome in each row on treatment group dummies, controlling for stratification unit dummies and baseline values (where possible). Standard errors are clustered at the village level. * denotes significance at 0.10; ** at 0.05; *** at 0.01 OLS: Impact of treatment in endline 
(8) Columns 3, 4 and 5 display estimated coefficients of a regression of the outcome in each row on treatment group dummies, controlling for stratification unit dummies and baseline values. Missing value dummies are included for children not tested at baseline. Colunmn 7 displays the p-value of the test that the coefficients ML+CHAMP=ML-CHAMP. Column 8 displays the impact of assignment to the mother literacy treatment group on literacy class attendance by mother or child. Column 9 displays the impact of litteracy class attendance on the dependent variables, using assignment to the ML treatment group as an instrument for attendance. Standard errors are clustered at the village level.
* denotes significance at 0.10; ** at 0.05; *** at 0.01 Columns 3, 4 and 5 display estimated coefficients of a regression of the outcome in each row on treatment group dummies, controlling for stratification unit dummies and baseline values (where available). Standard errors are clustered at the village level. * denotes significance at 0.10; ** at 0.05; *** at 0.01 OLS: Impact of treatment in endline Columns 3, 4 and 5 display estimated coefficients of a regression of the outcome in each row on treatment group dummies, controlling for stratification unit dummies and baseline values (where available). The "Mother-Child Participation Index" is an average of z-scores of the other variables in the table, using the control group means and standard deviations. The baseline participation index only includes indicators for which data were collected. Standard errors are clustered at the village level. * denotes significance at 0.10; ** at 0.05; *** at 0.01 OLS: Impact of treatment in endline Columns 3, 4 and 5 display estimated coefficients of a regression of the outcome in each row on treatment group dummies, controlling for stratification unit dummies and baseline values (where available). Standard errors are clustered at the village level. * denotes significance at 0.10; ** at 0.05; *** at 0.01 OLS: Impact of treatment in endline Hamlets in Rajasthan met the size eligibility requirements if they contained between 40 and 100 households, whereby a household is defined as a family that eats from one kitchen. 9 To limit spillovers, one hamlet per village was selected.
All villages in two blocks, Kekri and Bhinay, were targeted for the intervention in Rajasthan.
Within each village, first preference was given to hamlets with 60-80 households, as Pratham and the research team determined this to be the approximate size to support one adult literacy class. In each village, the hamlet with 60-80 households was selected unless there was more than one, in which case one hamlet of that size was chosen at random. If there were no hamlets in a village with 60-80 households, second preference was given to hamlets of 40-100 households. Again, if there was only one hamlet in a target village with 40-100 households, it was selected; otherwise, one hamlet of that size was selected at random. To identify a total of 240 target hamlets, the boundaries of Kekri and Bhinay were extended into a third block. Target hamlets were identified using the same procedure used in Kekri and Bhinay until 240 had been selected.
In Bihar, the village boundaries are less distinct and villages are much denser than in Rajasthan.
Each panchayat has multiple revenue villages, with each revenue village comprising smaller hamlets known there as, 'tolas' (the equivalent of a 'mohella' in Rajasthan). Within each revenue village, there is typically a main village and hamlets that surround the main village. In Bihar, ham-lets were considered eligible if they contained between 25 and 150 households 10 and if they were at least 500 meters from any other target hamlet.
All revenue villages and hamlets in two blocks, Dhamdaha and B.Kothi, were targeted for the intervention. To limit spillovers, hamlets in Bihar were selected only if their boundaries were 500 meters or more from the boundaries of other target hamlets. 11 If an eligible hamlet was closer than 500 meters in proximity from another eligible hamlet, the hamlet with between 40 and 80 households was selected, as Pratham determined this to be the approximate size to support one adult literacy class. If more than one hamlet contained 40-80 households within the 500 meter radius, one was randomly selected for the intervention. Second preference was given to a hamlet of 25-150 households whenever no hamlet in the 500 meter radius contained between 40 and 80 households. 12 If the eligible hamlets were in an adjacent row, the hamlets at the ends of the row were selected. 13 The selection process yielded 269 eligible hamlets. Of those, 240 hamlets were randomly selected, and the remainder were used by Pratham for pilot activities.
B Appendix: Impact Heterogeneity
We use the following estimating equation to examine heterogeneity in treatment effects:
The household criteria differed between Rajasthan and Bihar because the criteria for Rajasthan would not have produced a sufficient number of eligible hamlets were it applied in Bihar. Due to the higher upper bound on number of households, Pratham agreed to hold more than one class in a target hamlet where necessary in Bihar.
11 GPS coordinates were used to confirm distances between the boundaries of hamlets. Distances were checked between hamlets within revenue villages as well as across revenue villages.
12 In any given 500-meter radius, if there were no hamlets of 40-80 households but multiple hamlets of 25-150 households, one hamlet of 25-150 households was selected at random. 
B.1 Mothers
Appendix Table 7 examines heterogeneity in treatment effects of the interventions on mother test scores. We focus on heterogeneity by the state where the intervention took place, the mother's baseline score, mother's age, and mother's education level.
The first three columns of Appendix Table 7 examine heterogeneity by state. There is evidence that the ML and ML-CHAMP interventions were more effective in Bihar. For example, the effects of the ML intervention were 0.02 standard deviations higher for language, 0.13 standard deviations higher for math, and 0.09 standard deviations higher for composite scores in Bihar compared with Rajasthan. The latter two results are significant at the 1 percent level. Similarly, the ML-CHAMP intervention increased language, math, and combined scores by 0.08, 0.12, and 0.11 standard deviations more in Bihar than in Rajasthan. There are no significant differences in treatment effects across states for the CHAMP intervention.
Columns 4 through 7 of Appendix Table 7 examine heterogeneity by mother's baseline test score. There is little evidence that ML and ML-CHAMP were more effective for mothers with higher or lower test scores. ML-CHAMP did increase composite scores significantly more for mothers who scored lower at the baseline, but the interaction effects on the disaggregated language and math scores are insignificant and inconsistently signed. On the other hand, the CHAMP intervention was significantly more effective for mothers with higher initial test scores.
The remaining columns of Appendix Table 7 examine heterogeneity by mother age and education level. Here, there are few significant interaction effects, and the magnitudes are small. There is evidence that ML-CHAMP was more effective for less-educated mothers in increasing math and composite scores, although these interactions are not reflected in either the ML or CHAMP interventions.
B.2 Children
Appendix Tables 8a and 8b examine heterogeneity in treatment effects on child test scores. Appendix Table 8a uses the same set of variables that were used in the analysis for mothers. Overall, there is little evidence of heterogeneity by any of these variables. Unlike the effects found for mothers, there is no significant heterogeneity by state, although the point estimates do suggest that ML and ML-CHAMP were more effective in Bihar. Children with older mothers had significantly stronger effects of the ML intervention on math and composite scores.
Appendix Table 8b examines heterogeneity by child age, child baseline score, and gender.
Again, there are few large or statistically significant effects. There is some evidence that ML-CHAMP was more effective for older children in improving literacy and composite scores. The only other statistically significant interaction in the table suggests that lower-scoring children performed better in math in the ML-CHAMP intervention, although this heterogeneity is not reflected in language or composite scores. 
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